Introduction
The 1974 'Standards', the 1980 and 1986 'Standards and Guidelines', and the 1992 and 2000 'Guidelines' for cardiopulmonary resuscitation (CPR) and emergency cardiac care (ECC) were 'state-of-the-art' efforts to improve survival of patients with cardiac arrest, but in retrospect they were far from optimal and some were actually regressive [1] [2] [3] [4] [5] . Even the 2005 Guidelines are not optimal for most areas, where the rates of bystander resuscitation efforts are low, and emergency medical services (EMS) arrival times are prolonged [6, 7] .
Guidelines development
Can the process of guidelines development for CPR and ECC be improved? I think so, but only if we recognize past problems and change our approach in the future. And thus, this 'clarion call for change'.
Having been involved in resuscitation research and in guidelines development for decades, having been designated in 2000 by the Emergency Cardiac Care Committee of the American Heart Association (AHA) as an honoree (often referred to as 'a CPR giant ') , and yet having elected in 2003 to depart from the AHA and the International Liaison Committee on Resuscitation (ILCOR) Guidelines for CPR and ECC, begs explanation.
In 2003, University of Arizona's Sarver Heart Center Resuscitation Research Group concluded that the 2000 Guidelines were far from optimal for patients with out-ofhospital primary cardiac arrest (OHCA) and convinced the Tucson Fire Department to adopt a different approach to therapy to such patients [8] [9] [10] [11] . This new approach, called 'cardiocerebral resuscitation' [10] has resulted in a dramatic increase in neurologically intact survival of patients with OHCA [12, 13] . The term 'cardiocerebral' is used rather than 'cardiopulmonary' to emphasize not only that this approach is different, but also to emphasize that this approach is for primary cardiac arrest, whereas CPR should be reserved for cardiac arrest secondary to respiratory failure [10] .
This departure from the 'Guidelines' resulted in a near 300% improvement in neurological normal survival of patients with witnessed OHCA and a shockable rhythm [12, 13] . Does this mean, as has been suggested, that each EMS agency should define a different approach based on specific resources and patient population [14, 15] ? Perhaps, but guidelines are often necessary to bring up the standard of care for those not expert in the field. And guidelines are helpful even to experts to focus attention on important studies. As there probably always will be efforts to develop guidelines for cardiac arrest, changes in the approach to guidelines development should be seriously considered.
Guidelines effective in some areas
Following the guidelines, some areas have reported good survival rates for those individuals with witnessed cardiac arrest and a shockable rhythm. For example, in King County, Seattle, USA, the survival rates between 1978 and 2004 averaged 33% [16] . Following the 2005 Guidelines in Seattle, Washington, their survival is reported to be even higher [17] . As their survival rates are so good, resuscitation researchers from these areas are called upon for leadership positions in organizations that develop guidelines for the rest of us. But the approach that works in the areas with the best survival rates is often not universally applicable, for in spite of the same guidelines, survival rates of patients with OHCA in most other areas of the world are far from optimal. The Resuscitation Outcomes Consortium is a federally funded group to study resuscitation methods and outcomes using the 2005 Guidelines. This group includes some of the better EMS in the United States and Canada [17] . Yet even in this consortium, survival at half of the sites was far below that of the other half, and one of the sites had a survival rate of 8% [17] . In one large city in the United States, there was only one survivor in over 500 OHCAs [18] . And, I was recently invited to consult for a city that had no survivors in their last 60 OHCAs.
Much of the survival rate differences, when similar guidelines approaches were used, can be explained by the three-phase time-sensitive model of untreated ventricular fibrillation that notes that during the first few minutes, the most important intervention is prompt defibrillation [19] . This is why the survival rates of OHCA are high in casinos, airports, and other areas where prompt defibrillation is delivered by automated external defibrillators [20] . If the EMS arrives during the 'electrical phase' of untreated ventricular fibrillation, the most important intervention is prompt defibrillation. The shorter the EMS arrival times, the better the survival rates. And importantly, the duration of this 'electrical phase' of ventricular fibrillation, a time when defibrillation results in a perfusing rhythm can be prolonged by the early initiation of bystander CPR [21, 22] . Therefore, the difference in EMS arrival times and the difference in bystander-initiated resuscitation efforts is a major determinant of survival of patients with OHCA. The guidelines approach to CPR and ECC was applicable in King County and Seattle, Washington, where the EMS response times are reported to be about 5 min and the rate of bystander CPR between 1984 and 2004 was 67% [16, 17] ! As in most areas of the world, the EMS arrival times to patients with OHCA were and are not optimal, and without the expenditure of enormous resources cannot be shortened, and the prevalence of bystander resuscitation efforts was and is low, an alternative approach to the current guidelines was needed. 'Cardiocerebral resuscitation' is, at present, the best solution. As this approach was developed outside the guidelines process, one might rationally conclude that there were limitations to guidelines development.
Guidelines limitations
In my view, the limitations of the guidelines development process include having a relatively fixed schedule of several years between updated guidelines, trying to be too inclusive and therefore having too many topics and too many individuals involved, having a highly touted but ineffective conflict of interest policy, the AHA not addressing its own conflict of interest, expanding the guidelines to cover too many areas, some more appropriately covered by other organizations, grandfathering in previous guidelines, yet requiring 'scientific proof' for changes, advocating nonoptimal hierarchy of evidence for scientific data required to make changes, using inappropriate endpoints of research for scientific decisions, advocating the same approach for two entirely different pathophysiologically entities, for example, primary cardiac arrest and secondary cardiac arrest, such as occurs with respiratory arrest, and advocating approaches to bystander resuscitation therapy based on age rather than cause.
There are no doubt others, but these are the ones that readily come to mind, and therefore the ones I will briefly address in this article.
Evolution to cardiocerebral resuscitation
In 2003, resuscitation researchers at the University of Arizona Sarver Heart Center had evidence that the survival of patients with OHCA in Tucson was poor and had not improved over the previous couple of decades in spite of instituting periodic Guideline-recommended changes [11] . Research in our realistic porcine models of OHCA and our interpretation of the literature suggested that a different approach would improve survival. Although our initial approach in Tucson improved survival, eliminating positive pressure ventilation in patients with shockable rhythms by using passive oxygen insufflation in two counties in Wisconsin and in the Phoenix, Arizona area further improved survival of patients with OHCA [13] .
The neurological normal survival of patients with witnessed (seen or heard) cardiac arrest and a shockable rhythm on arrival of EMS improved from 15% when the 2000 Guidelines were followed to 39% when treated with cardiocerebral resuscitation [13] . Although there has been no direct comparison, overall survival to hospital discharge of patients with OHCA in Rock and Walworth Counties, Wisconsin, was better than those reported by the ROC group who followed the 2005 Guidelines [13, 17] .
The articles relating to CPR in this issue of Current Opinions in Critical Care point to the importance of chest compressions during advanced life support, the importance of chest compressions prior to defibrillation, and the importance of limiting interruptions before defibrillations; all aspects of 'cardiocerebral resuscitation'.
The guidelines process must not be optimal if a handful of physicians, granted with extensive experience and publications in resuscitation, can come up with a more effective approach to OHCA than that produced by hundreds of national and international experts, convened in 2000 and again in 2005.
Problems with the guidelines process
The following, in my view are some of the problems with the AHA CPR and ECC guidelines process. These are not presented in any order of importance.
The first is the fixed schedule of several years for updating guidelines. In the past, the guidelines have been updated every 6-8 years. A fixed schedule for comprehensive guidelines is inappropriate. If guidelines are important they must be current. If an organization cannot keep guidelines current, they should get out of the business.
The second set of problems is trying to be too inclusive, covering too many topics and therefore having too many individuals involved. This dramatically increases the cost of guidelines development.
In my view, the third problem is an ineffective conflict of interest policy that among other things does not address the AHA's own conflict of interest. The AHA goes to great lengths to have everyone declare their conflicts of interest, and yet lets them 'sit at the table'. If someone has a company or a patent on a product that has the potential of being used on the millions of individuals with cardiac arrest worldwide, they cannot be objective, and declaring a conflict of interest does not solve this problem. Nevertheless, they are allowed to state their conflict of interest and participate.
The fourth problem relates to AHA's own conflict of interest. For example, in developing the 2005 Guidelines, it was obvious that the previous Guidelines recommendations of three consecutive defibrillations, so-called 'stacked shocks' upon arrival of the emergency medical personnel were far from optimal. The 2005 change from so-called 'stacked shocks' to one shock followed by 200 chest compressions was only one of the many changes made in cardiocerebral resuscitation in 2003. Substituting a single for multiple shocks for patients in cardiac arrest was a major Guideline 2005 change [6, 7] . However, if I recall correctly, the Guidelines participants had to sign statements that they would not devolve what the pending guidelines were likely to be. Several months later, the new Guidelines came out advocating one shock followed by 200 chest compressions prior to analysis. Rea and associates showed that this approach improved survival [23] . If this approach increases survival, why the delay? Was the delay timed so that the educational material could be ready for market?
Another problem in my view is expanding the guidelines to cover too many areas, some already adequately covered by other organizations. One example is the AHA/American College of Cardiology (ACC) Guidelines for STsegment elevation myocardiac infarction. These AHA/ ACC Guidelines have been updated since 2005 [24] . Therefore, following the 2005 AHA/ILCOR Guidelines may not result in optimal patient care.
The sixth reason that the guidelines fall short is that they were so ingrained, that many of the recommendations were in essence 'grandfathered in'. Yet scientific proof was needed to change any portion of the guidelines.
Seven, in an effort to be more 'scientific', a hierarchy of evidence for research data was required to make changes. This hierarchy appropriately began with randomized control trials in humans. Thus, if there were no such trials, the previous guideline was most likely to remain unchanged. However, most of the previous guidelines were not based on randomized controlled trials in humans. It is difficult to do randomized control trials of OHCA in humans, especially in our litigious United States. Therefore, like most advances in medicine, the initial studies are in animals. The hierarchy of the level of evidence published in the 2000 and 2005 Guidelines lists studies in animals very low. This is appropriate for many studies in which the animals are anesthetized to the point that they are paralyzed (patients are not paralyzed at the onset of ventricular fibrillation). However, this low priority is probably not appropriate for studies in appropriate animal models.
Another problem with both animal and human studies of resuscitation is that all too often the endpoint of the study is return of spontaneous circulation (ROSC), which is inappropriate. It has been shown in humans with OHCA, the same number of patients in groups treated differently was admitted to the hospital (therefore similar ROSC), and yet survival to hospital discharge was much greater in one group of patients [25] .
The population of patients with OHCA is so diverse that extremely large numbers of patients would be required, unless the study is confined to the subgroup of patients most likely to survive; those with witnessed arrest and a shockable rhythm. As noted by Oranato and Peberdy [26] , the way most advances in resuscitation research have been made in the United States is by documenting results, making reasonable changes, and seeing if survival is better.
The ninth problem is the fact that the guidelines have been advocating the same approach for two entirely different pathophysiological conditions: primary cardiac arrest where the arterial blood is fully oxygenated at the time of the arrest and remains so until chest compression begins to slowly circulate the arterial blood, and respiratory arrest where the cardiac output remains normal or high for several minutes without appropriate oxygenation, resulting in a severe ventilation perfusion mismatch. The severe hypoxia over time leads to hypotension that eventually causes secondary cardiac arrest. Obviously, different approaches are needed. The approach used for cardiac arrest should be called 'cardiocerebral resuscitation' and 'cardiopulmonary resuscitation', which in our view must be reserved for respiratory arrest.
The 10th problem, again not in any order, is that the guidelines are 'age based' and not 'etiology based' for OHCA. The AHA, in 2008 finally advocated continuous chest compression or chest compression only resuscitation as 'hands only CPR' [27] . This was a step forward, but this approach is only recommended for untrained lay individuals or trained individuals who do not think that they can interrupt chest compressions for only a very short period to deliver the so-called 'rescue breaths' [27] . We have shown that even the professions interrupt chest compressions for at least 10 s [28, 29] .
What's more, 'hands only CPR' is only recommended for adults, assuming that nonadults always have respiratory arrest [27] . However, a grade school child who gets hit in the chest at the right moment during cardiac repolarization can develop ventricular fibrillation (commuto cortis) and have OHCA, not due to respiratory but due to cardiac arrest. This child and any other with cardiac arrest should be treated with chest compressions only by bystanders. Chest compression only resuscitation is more effective than chest compressions plus ventilations when each 30 chest compressions are followed by a realistic 16 s interruption that results when a single rescuer stops chest compressions to deliver the recommended mouth-tomouth ventilations [30] . In addition, positive pressure ventilations result in an increased intrathoracic pressure that decreases venous return to the chest, and subsequent forward blood flow [31] .
Cardiocerebral resuscitation: a paradigm shift?
The concept of 'continuous chest compression CPR' for lay witnesses of cardiac arrest that we have advocated since 1993 and 'cardiocerebral resuscitation' as we began in 2003, in my opinion, signaled a major paradigm shift in the field of resuscitation.
